Native plasmids constitute a major category of extrachromosomal DNA elements responsible for 25 harboring and transferring genes important in survival and fitness. A focused evaluation of 26 plasmidomes can reveal unique adaptations required by microbial communities. We examined the 27 plasmid DNA from two pristine wells at the Oak Ridge Field Research Center. Using a 28 cultivation-free method that targets plasmid DNA, a total of 42,440 and 32,232 (including 67 and 29 548 complete circular units) scaffolds > 2 kb were obtained from the two wells. The taxonomic 30 distribution of bacteria in the two wells showed greater similarity based on their plasmidome 31 sequence, relative to 16S rRNA sequence comparison. This similarity is also evident in the 32 plasmid encoded functional genes. Among functionally annotated genes, candidates providing 33 resistance to copper, zinc, cadmium, arsenic, and mercury were particularly abundant and 34 common to the plasmidome of both wells. The primary function encoded by the most abundant 35 circularized plasmid, common to both wells, was mercury resistance, even though the current 36 ground water does not contain detectable levels of mercury. This study reveals that the 37 plasmidome can have a unique ecological role in maintaining the latent capacity of a microbiome 38 enabling rapid adaptation to environmental stresses. 39 40 41 42 43 44 45 46 47 48 76 2015). Plasmidome analyses have been performed in cow rumen (Kav et al., 2012; Mizrahi, 77 2012), rat caecum (Jørgensen et al., 2014b), and industrial wastes (Zhang et al., 2011), all of 78 which are highly abundant in bacteria. In contrast, the environmental stress at OR-FRC has 79 resulted in a substantial decrease in cells counts, and species diversity (Hemme et al., 2016), 80 presenting unique challenges in plasmid isolation. Examination of plasmid DNA from this site 81 also poses challenges due to the range in size and diversity of the plasmid DNA expected to arise 82 from the fluctuating microbial community of this highly uncontrolled/variable environment. We 111 USA) as per the manufacturers protocol. Total DNA from D. vulgaris Hildenborough was used as 112 a control for the 202 kb primers and the plasmid DNA coding for pBbS5c was used as a control 113 for the 5 kb primers. 114 115 Sample collection
49
Introduction 50 Sudden changes in environmental stress can be better dealt with by horizontal gene transfer 51 (HGT) and gene duplication events than by slower mutation and selection mechanisms (Aminov, 52 2011). Plasmids are important in HGT and are critical in facilitating genome restructuring by 53 providing a mechanism for distributing genes that provide a selective advantage to their host.
54
Typically, plasmids have a modular structure, containing several functional genetic modules. known to be contaminated with radionuclides (e.g., uranium and technetium), heavy metals, 66 nitrate, sulfide, and volatile organic compounds. This is a well-characterized experimental field 67 site and has been used for studying the environmental impacts of contaminants in the past 68 (Watson et al., 2004; Hemme et al., 2010) . To better understand the most prevalent functionality 69 that is horizontally transferred and how the memory of exposure to contaminants persists in the 70 environment we studied the plasmidome of the pristine wells, located in the same watershed as 71 the contaminated wells, but 6 miles from the contaminated areas of the watershed (Smith et al., 72 2015). 73 74 A plasmidome has been described to be the entire plasmid content in a given environment that is 75 resolved by metagenomic approaches during high-throughput-sequencing experiments (Dib et al., present an optimized method that overcomes several of these challenges, and the first study to 84 selectively isolate and analyze the plasmidome from ground water samples at the OR-FRC. We 85 provide insights into the composition and structure of the plasmidome of two pristine wells, 86 GW456 and GW460 in context of corresponding geochemical and metagenome data. We present 87 several novel findings from the plasmidome analysis, including the presence of common 88 scaffolds in the two wells, and an abundance of plasmid-encoded metal resistance genes.
90

Materials and Methods
91
Optimization of plasmid DNA isolation methods using a model system 92
The model system of a 1:1:1 mixture of Desulfovibrio vulgaris Hildenborough (ATCC 29579) 93 containing a 202 kb native plasmid (pDV1), Escherichia coli DH1 (ATCC 33849) containing a 94 48 kb fosmid (fSCF#19) (Ruegg et al., 2014) , and the E. coli strain J-2561 containing a 5 kb 95 (pBbS5c) plasmid was prepared using cells grown to OD 1. Desulfovibrio was grown in LS4D 96 supplemented with 0.1% (w/v) yeast extract (Ray et al., 2014) The filters containing cells from the wells GW456 and GW460 were thawed to room temperature.
142
The filter was cut into tiny pieces in a sterile petri dish using sterilized forceps and scissors and 143 split into two 50 ml falcon tubes. About 1.33 x 10 5 cells, of each plasmid-containing control 144 strain, were added to each tube. The plasmid isolation method (Anderson and Mckay, 1983) was 145 used with the following modifications. The volumes of all reagents were multiplied twenty times 146 to immerse each half filter. Before the addition of lysozyme (Sigma-Aldrich, St. Louis, MO, 147 USA), the samples were heated to 37 °C with gentle inversion for 10 mins and vortexed with 0.1 148 mm Disrupter Beads (Scientific Industries, Bohemia, NY, USA) at medium setting for 5 mins.
149
After the addition of sodium chloride, the liquid was transferred into 50 ml Phase Lock Gel Heavy tubes (5-Prime). 14.5 ml of 25:24:1 phenol:chloroform:isoamyl alcohol was added to each 151 tube, thoroughly mixed and centrifuged for 5 mins at 1500 g (Beckman Coulter Allegra 25R 152 centrifuge). The upper phase was transferred to a fresh phase lock tube. 14.5 ml of 24:1 153 chloroform-isoamyl alcohol was added and centrifuged for 5 mins at 1500 g. The upper phase 154 was transferred to a 50 ml falcon tube and precipitated with an equal volume of isopropanol. The 155 extractions from each half of the filter were recombined, incubated on ice for 1 h, followed by 156 centrifugation for 5 mins at 8000 g. The excess isopropanol was removed and the pellet was 157 resuspended in 1 ml 10 mM Tris, 1 mM EDTA, pH 7, and transferred to a 1.6 ml tube and 
240
To capture plasmids of different sizes, present in unpredictable copy numbers, we optimized a 241 plasmid DNA isolation method applicable to environmental samples. For this we used a model 242 system comprising of three bacterial strains harboring plasmids of sizes 5 kb, 48 kb and 202 kb.
243
We isolated the plasmids with two alkaline hydrolysis methods, followed by Plasmid-Safe ATP-244 Dependent DNAse digest to remove linear DNA fragments, and phi29 amplification of the 245 isolated plasmid DNA (Fig 1) . We compared two plasmid isolation methods (Birnboim and Doly, 246 1979; Anderson and Mckay, 1983) and three phi29 incubation temperatures 4, 18 and 30 °C at 247 two different cell concentrations (5 x 10 5 or 5 x 10 4 cells per strain). We used qPCR with a 248 plasmid-borne gene on each plasmid to determine the optimal condition for detecting all three 249 plasmids.
251
We found that that smaller the size of the plasmid, the easier it was to isolate and detect (Supplementary Information 3a). This was expected since smaller plasmids are typically 253 maintained in high copy numbers and smaller ssDNA fragments re-anneal more efficiently during 254 alkaline hydrolysis, increasing the chances of their isolation. Of the parameters tested, the optimal 255 plasmid isolation conditions to detect all three plasmid sizes was to use the Anderson and Mckay, 256 1983 alkaline hydrolysis method with phi29 amplification at 18 °C. Decreasing the number of 257 cells of each strain 10-fold resulted in detection of only the 5 kb plasmid (data not shown). Since 258 the ground water samples from the OR-FRC were present on a filter paper, we evaluated the 259 efficiency of our optimized plasmid isolation method using model system strains on identical 260 filters. The qPCR based analysis revealed that the filter did not interfere with the extraction 261 procedure (Supplementary Information 3b) and the extraction could be improved by cutting the 262 filter into smaller pieces and vortexing with beads. The optimal number of cells remained in the 263 range of 5 x 10 5 cells for the detection of all the three plasmids.
265
The optimized method allows us to detect plasmid DNA spanning 5-200 kb via qPCR from cells 266 present at 5 x 10 5 or greater, from filtered ground water. We used the optimized method on 267 samples from two pristine wells of the OR-FRC, GW456 and GW460 followed by sequencing 268 (for increase the sensitivity of plasmid detection). The resulting plasmidome was sequenced and 269 generated datasets with 34 and 76 million reads, respectively (Table 1) For each well, the taxonomic distributions based on 16S rRNA and that of the plasmidome 284 revealed the presence of similar taxa, albeit the abundance differs (Fig 2) . The wells at the OR-285 FRC are known to exhibit daily fluctuations in the 16S rRNA distribution. Correspondingly, comparison of the 16S rRNA profiles between the two wells showed considerable differences in 287 the distribution of phyla. In contrast, the taxonomic distributions of the plasmidome of the two 288 wells were significantly more similar to each other (Fig 2) . Thus, the plasmidomes of the two 289 wells are more like each other despite the difference in 16S rRNA profiles.
291
Phylogenetic assignment performed by the SEED subsystems database showed that most of the 292 scaffolds (> 94 %) were assigned to Bacteria, with minor representation of the Archaea,
293
Eukaryota and Viruses domains (Table 1) 
303
One explanation for the unexpected plasmidome similarity between the wells could be the 304 geographical proximity of the wells that allows the flowing water to be shared. Alternately, it 305 may be that that there are limited variations in the genetic modules that constitute a plasmid. We 306 speculate that the former is the more likely explanation although the second cannot be ruled out 307 given that the modules on the plasmids (e.g. scaffold_5343 and scaffold_67) show very high 308 similarity to other plasmids reported from diverse geographical locations across the globe (see 309 below).
311
Plasmid-borne functionally annotated genes are similar in the two wells.
312
Functional classification of the scaffolds into SEED subsystems categories revealed a highly 313 similar distribution of plasmid-borne genes between the two wells (Fig 2a) . The most highly 314 represented subsystems were "Carbohydrates", "Amino Acids metabolism", and "Clustering 
369
We found our most informative ecologically relevant results while evaluating heavy metal 370 resistance genes in the sequenced scaffolds. Heavy metal resistance genes are one of the most 371 frequently found phenotypic modules carried by bacterial plasmids (Silver, 1996) . We subjected were also highly abundant. Proteobacteria was the most abundant gene source for the top metal 381 resistance encoding genes (Fig 4) . Helix-turn-helix domain protein, Repressor: Cytotoxic repressor of toxin-antitoxin. The plasmid was randomly cut by IDBA-UD in the hypothetical protein 4, and hence the 2 parts of the same protein are depicted in the figure. The black lines indicate the plasmid can be broken into different modules that show similarity to other previously reported plasmids (the closest NCBI blast hit with more than 92 % query coverage depicted in grey). 
